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HIGH FREQUENCY MODULE 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to high frequency modules 
for transmitting and receiving transmission and reception signals 
of at least four communication systems having different frequency 
bands as transmission and reception bands through a single 
antenna . 

2 . Description of the Related Art 

[0002] Currently, multiple wireless communication systems for 
mobile phones, such as a CDMA system and a TDMA system, exist. 
The TDMA system includes for example, a GSM system using an 850 
MHz band and a 900 MHz band, a DCS system using a 1,800 MHz band, 
and a PCS system using a 1,900 MHz band, whereas, the CDMA system 
includes, for example, a WCDMA system using a 2,000 MHz band. 
[0003] When transmitting and receiving such multiple types of 
communication signals with a single antenna, the signals other 
than those in the frequency band used for the actual 
communication is not needed. For example, when carrying out 
transmission and reception using the GSM system (900 MHz band), 
the communication signals for the DCS system (1,800 MHz band) and 
the PCS system (1,900 MHz) and the communication signals for the 
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WCDMA system (2,000 MHz) are not needed. 

[0004] As a high frequency module for transmitting and 
receiving multiple types of communication signals through a 
single antenna when the communication signals are according to, 
for example, three types of systems, GSM, DCS, and PCS, a high 
frequency module including a diplexer for separating the GSM 
communication signals and the DCS and PCS communication signals 
that are in significantly different frequency bands, a diode 
switch circuit for switching between the GSM transmission signals 
and the GSM reception signals, a diode switch circuit for 
switching between the DCS and PCS transmission signals and the 
DCS and PCS reception signals, and a diode switch circuit for 
switching between the DCS reception signals and the PCS reception 
signals has been proposed (for example, refer to Japanese 
Unexamined Patent Application Publication No. 2000-165288). 
[0005] As such a high frequency module for transmitting and 
receiving multiple types of communication signals through a 
single antenna, a high frequency module capable of selecting each 
communication signal using a semiconductor switch, such as a 
GaAsIC switch and switching the connection between a plurality of 
ports for an antenna has been proposed (for example, refer to 
Japanese Unexamined Patent Application Publication No. 2001- 
160724) . 

[0006] However, the diode switch circuit for the high 
frequency module according to the above-mentioned Japanese 
Unexamined Patent Application Publication No. 2000-165288 uses 
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two diodes to switch between two ports (input unit and output 
unit) corresponding to one port (input and output unit) . For 
example, according to Japanese Unexamined Patent Application 
Publication No. 2000-165288, the diode switch circuit (high 
frequency switch 3 shown in a drawing of Japanese Unexamined 
Patent Application Publication No. 2000-165288) switches the 
connection between a port that connects to a diplexer and inputs 
and outputs DCS and PCS transmission and reception signals, and a 
port that connects to a PCS and DCS transmission signal input 
terminals and inputs DCS and PCS transmission signals or that 
connects to another diode switch circuit (high frequency switch 4 
shown in a drawing of Japanese Unexamined Patent Application 
Publication No. 2000-165288) and outputs DCS and PCS reception 
signals. The diode switch circuit (high frequency switch 4 shown 
in a drawing of Japanese Unexamined Patent Application 
Publication No. 2000-165288) is connected to another diode switch 
circuit (high frequency switch 3 shown in a drawing of Japanese 
Unexamined Patent Application Publication No. 2000-165288) and 
switches the connection between and a port for inputting DCS and 
PCS reception signals and a port for outputting a PCS reception 
signal connected to a PCS reception signal output terminal or a 
port for outputting a DCS reception signal connected to a DCS 
reception signal output terminal. Since, in this way, the high 
frequency module according to Japanese Unexamined Patent 
Application Publication No. 2000-165288 requires at least two 
diodes to switch the connection between one port and two ports, 
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many circuit components are required to construct a high 
frequency module for switching between transmission and reception 
of communication signals of a plurality of communication systems. 
[0007] Therefore, it is difficult to reduce the size of the 
high frequency module, and costs increase because of an increase 
in the number of components. Since, in this way, many circuit 
elements are connected to the transmission system, the loss of 
the transmitted signal increases. Since the loss significantly 
increases as the number of types of the communication system for 
transmitting the signal increases, it is difficult to construct a 
high frequency switch for switching the transmission of signals 
of many different types of communication systems so that the high 
frequency switch has low loss. 

[0008] On the other hand, since the high frequency module 
according to Japanese Unexamined Patent Application Publication 
No. 2001-160724 is capable of switching signals of many types of 
communication systems using one GaAsIC switch, a small-size, low- 
loss high frequency module is realized. However, GaAs is 
expensive, and, in particular, the price increases as the number 
of switching points of a GaAsIC increases since the scale of the 
circuitry increases. Moreover, GaAs is susceptible to static 
electricity. Therefore, when using such an IC, a separate 
circuit must be provided as a counter measure against static 
electricity. As a result, if a high frequency module is 
constructed using a multipoint GaAsIC for switching signals of 
many types (for example, more than four types) of communication 
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systems, cost significantly increases and size cannot be 
decreased because an additional circuit is required. 

SUMMARY OF THE INVENTION 
[0009] According to preferred embodiments of the present 
invention, a high frequency module being capable of transmission 
and reception for many types, e.g., more than four types, of 
communication systems and having a relatively small size is 
provided at low cost. 

[0010] A high frequency module according to a preferred 
embodiment of the present invention preferably includes a 
diplexer arranged to separate signals of a plurality of 
communication systems transmitted and received via an antenna, 
the communication systems having transmission and reception bands 
of different frequency bands, the signals of a plurality of 
communication systems being separated into a signal of a first 
communication system having a transmission and reception band in 
an area higher than a predetermined frequency and a signal of a 
second communication system having a transmission and reception 
band in an area lower than a predetermined frequency, a first 
switch circuit arranged to switch transmission and reception of 
the signal of the second communication system having a 
transmission and reception band in a lower area, and a second 
switch circuit arranged to switch transmission and reception of 
the signal of the first communication system having a 
transmission and reception band in a higher area. The diplexer, 
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the first switch circuit, and the second switch circuit 
preferably include electrodes provided on a laminated body 
constructed by stacking a plurality of dielectric layers and 
components mounted on the laminated body. The diplexer includes 
a low pass filter allowing the signal of the second communication 
system having a transmission and reception band in an area lower 
than a predetermined frequency to pass through and a high pass 
filter for allowing the signal of the first communication system 
having a transmission and reception band in an area higher than a 
predetermined frequency to pass through. The first switch 
circuit includes a first transmission and reception signal input 
and output unit connected to the low pass filter of the diplexer 
and configured to output a predetermined transmission signal of 
the second communication system having a transmission and 
reception band in a lower area and to input a predetermined 
reception signal, a first transmission signal input unit for 
inputting the transmission signal, a first reception signal 
output unit for outputting the reception signal, and a diode for 
switching the connection between the first transmission and 
reception signal input and output unit and one of the first 
transmission signal input unit and the first reception signal 
output unit in accordance with a control signal. The second 
switch circuit includes a second transmission and reception 
signal input and output unit connected to the high pass filter of 
the diplexer and configured to output a predetermined 
transmission signal of the first communication system having a 
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transmission and reception band in a higher area and to input a 
predetermined reception signal, a second transmission signal 
input unit arranged to input the transmission signal, a second 
reception signal output unit arranged to output the reception 
signal, and a FET switch element arranged to switch the 
connection between the second transmission and reception signal 
input and output unit and one of the second transmission signal 
input unit and the second reception signal output unit in 
accordance with a control signal. The high pass filter includes 
a first capacitive element connected between the antenna and the 
second switch circuit and a series circuit including a dielectric 
element and a second capacitive element, the series circuit being 
connected between the second switch side of the first capacitive 
element and the ground. The second capacitive element includes a 
ground electrode provided on a dielectric layer close to the 
bottom surface of the laminated body and an electrode opposing 
the ground electrode. 

[0011] The diplexer of the high frequency module according to 
a preferred embodiment of the present invention separates signals 
of at least four communication systems into a signal of a first 
communication system having a transmission and reception band in 
an area higher than a predetermined frequency and a signal of a 
second communication system having a transmission and reception 
band in an area lower than a predetermined frequency. 
[0012] The FET switch element of the high frequency module 
according to a preferred embodiment of the present invention is 
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preferably a GaAs switch. 

[0013] With such a unique structure, a diplexer passes a 
communication signal received by an antenna in a communication 
frequency band in an area higher than a predetermined frequency 
through a high pass filter and sends the communication signal 
from a GaAs switch element, which is an FET switch element, to a 
second switch circuit side. The diplexer passes a communication 
signal received by the antenna in a communication frequency band 
in an area lower than a predetermined frequency through a low 
pass filter and sends the communication signal to a first switch 
circuit including a diode switch circuit. By applying a control 
signal to the diode, the first switch circuit switches between 
the transmissions of a transmission signal of the communication 
signal in a communication frequency band in an area lower than a 
predetermined frequency and the transmission of a reception 
signal. On the other hand, by applying a control signal to the 
GaAs switch element of the second switch circuit, the 
transmissions of a transmission signal of the communication 
signal in a communication frequency band in an area higher than a 
predetermined frequency and the transmission of a reception 
signal are switched. In this way, for communication signals in 
an area lower than a predetermined frequency, a diode switch 
switches between a transmission signal and a reception signal, 
whereas, for a plurality of communication signals in an area 
higher than a predetermined frequency, GaAs switch element 
switches transmission and reception. Accordingly, the number of 



8 



components required is reduced compared to when the module is 
entirely constituted of diode switches, and the number of 
switching points of the GaAs switch is reduced. Furthermore, by 
providing a capacitive element connected between the transmission 
system constituting the high pass filter of the diplexer and the 
ground by using a ground electrode provided near the bottom 
surface of a laminated body constituting the high frequency 
module and an opposing electrode, the capacitive element will 
function as a static electricity discharge element. Therefore, 
static electricity can be prevented from being applied from the 
antenna to the GaAs switch via the diplexer. 
[0014] If a plurality of communication signals in a 
communication frequency band in a lower area exists, the number 
of diode switches can be increased with respect to the number of 
the communication signals so as to correspond to the selection 
number of the communication signals. Similarly, if even more 
communication signals in a communication frequency band in a 
higher area exist, the number of selection points of the GaAs can 
be increased with respect to the number of the communication 
signals so as to correspond to the selection number of the 
communication signals. 

[0015] The high frequency module according to a preferred 
embodiment of the present invention includes a low pass filter 
having a third capacitive element and a second dielectric element 
between a diplexer and a second switch circuit. 

[0016] According to this unique structure, the low pass filter 
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damps higher harmonic waves superimposed on the signal sent from 
the diplexer to the second switch circuit and higher harmonic 
waves superimposed on the signal sent from the second switch 
circuit to the diplexer. 

[0017] The high frequency module according to a preferred 
embodiment of the present invention includes a low pass filter 
having fourth capacitive element and a third dielectric element 
at the transmission signal input unit side of a second switch 
circuit . 

[0018] According to this unique structure, the low pass filter 
damps higher harmonic waves superimposed on the transmission 
signal sent from the transmission signal input unit to the second 
switch circuit. 

[0019] The second dielectric element and the third dielectric 
element of the high frequency module according to a preferred 
embodiment of the present invention are provided in different 
areas when viewed from the top. 

[0020] According to this unique structure, since the 
dielectric elements are disposed more than a predetermined 
distance apart, wraparound caused by the dielectric elements 
being coupled can be prevented. 

[0021] According to various preferred embodiments of the 
present invention, transmission and reception of a communication 
signal in an area lower than a predetermined frequency is 
switched using a diode switch circuit, whereas transmission and 
reception of a communication signal in an area higher than a 
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predetermined frequency is switched using a FET switch. In this 
way, the number of components required can be reduced compared to 
a device that is entirely constructed of diode switch circuits. 
Moreover, the number of elements disposed on the transmission 
lines is reduced. Thus, communication signals can be transmitted 
at low loss. In other words, a low-loss, small high frequency 
module can be provided. By providing one of the electrodes of 
the second capacitive element of the diplexer as a ground 
electrode disposed near the bottom surface of the laminated body, 
the second capacitive element will function as a static 
electricity discharge element. Therefore, even when static 
electricity is applied through the antenna, the static 
electricity is not applied to the FET switch. In this way, the 
FET switch can be prevented from being damaged by static 
electricity . 

[0022] Other features, elements, steps, characteristics and 
advantages of the present invention will become more apparent 
from the following detailed description of preferred embodiments 
of the present invention with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0023] Fig. 1 illustrates an equivalent circuit diagram of a 
high frequency module according to a first preferred embodiment 
of the present invention. 

[0024] Fig. 2 illustrates a plan view of the high frequency 
module shown in Fig. 1. 



11 



[0025] Fig. 3 illustrates a plan view of the high frequency 
module shown in Fig. 1. 

[0026] Fig. 4 illustrates an equivalent circuit diagram of a 
high frequency module according to a second preferred embodiment 
of the present invention. 

[0027] Fig. 5 illustrates a plan view of the high frequency 
module shown in Fig. 3. 

[0028] Fig. 6 illustrates a plan view of the high frequency 
module shown in Fig. 3. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0029] A high frequency module according to a first preferred 
embodiment of the present invention will be described with 
reference to Figs. 1, 2, and 3. 

[0030] Fig. 1 illustrates an equivalent circuit diagram of a 
high frequency module according to the present preferred 
embodiment. In the case described below, a GSM transmission 
signal is input in a transmission signal input terminal Txl, a 
GSM reception signal is output from a reception signal output 
terminal Rxl, a DCS transmission signal or a PCS transmission 
signal is input in a transmission signal input terminal Tx23, a 
DCS reception signal is output from a reception signal output 
terminal Rx2, a PCS reception signal is output from a reception 
signal output terminal Rx3, and WCDMA transmission and reception 
signals are input to and output from a transmission and reception 
signal input and output terminal Tx4/Rx4. 
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[0031] A diplexer DiPX2 preferably includes three input and 
output units P21 to P23. The input and output unit P21 on a 
switch circuit SW1 side is connected to the input and output unit 
P23 on an antenna ANT side via a low pass filter LPF21, whereas 
the input and output unit P23 is connected to the input and 
output unit P22 connected to a GaAsIC switch (GaAsSW) via a high 
pass filter HPF22. A capacitor Cant is connected between the 
input and output unit P23 of the diplexer DiPX2 and the antenna 
ANT. The antenna side of the capacitor Cant is connected to 
ground via an inductor Lant . More specifically, the shunt- 
grounded inductor Lant and the capacitor Cant constitute the high 
pass filter. In this way, static electricity that enters from 
the antenna can be removed at the high pass filter. Here, the 
low pass filter LPF21 is set so that signals in frequency bands 
lower than a predetermined frequency (for example, 1,000 MHz) 
pass through, whereas the high pass filter HPF22 is set so that 
signals in frequency bands higher than a predetermined frequency 
pass through. 

[0032] The low pass filter LPF21 includes a parallel circuit 
of a capacitor Ctl and an inductor Ltl connected between the 
input and output unit P21 and the input and output unit P23 and a 
capacitor Cul connected between the input and output unit P21 
side of the parallel circuit and the ground. The high pass 
filter HPF22 includes a series circuit of a capacitor Ccl 
connected in series between the input and output unit P22 and the 
input and output unit P23 and a capacitor Ct2 and an inductor Lt2 
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connected between the input and output unit P22 side of the 
capacitor Ccl and the ground. Here, the series circuit is 
configured such that the capacitor Ct2 is connected to the ground 
side and the inductor Lt2 is connected to the capacitor Ccl side. 
As described below, the inductors Ltl and Lt2 and the capacitors 
Ctl, Cul, Ccl, and Ct2 are constituted of electrode patterns 
provided on each dielectric layer of a laminated body 
constituting the high frequency module, i.e., provided inside the 
laminated body. Here, the capacitor Ccl corresponds to a "first 
capacitive element" according to various preferred embodiments of 
the present invention, the inductor Lt2 corresponds to an 
"inductive element" according to various preferred embodiments of 
the present invention, and the capacitor Ct2 corresponds to a 
"second capacitive element" according to various preferred 
embodiments of the present invention. 

[0033] Next, the switch circuit SW1 includes an input and 
output unit Pll connected to the diplexer DiPX2, an input and 
output unit P12 connected to the GSM transmission signal input 
terminal Txl via a low pass filter LPF31, and an input and output 
unit P13 connected to the GSM reception signal output terminal 
Rxl . The switch circuit SW1 corresponds to a "first switch 
circuit" according to various preferred embodiments of the 
present invention. 

[0034] The input and output unit Pll is connected to the input 
and output unit P12 via a diode DG1 and is connected to the input 
and output unit P13 via a transmission line GSL2 having a length 
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equal to about one fourth of the wavelength of a GSM transmission 
signal. The end of the transmission line GSL2 on the input and 
output unit P13 side is connected to ground via a diode DG2 and a 
capacitor GC5 . A capacitor is connected between the input and 
output unit P13 and the GSM reception signal output terminal Rxl . 
The input and output unit P13 side of this capacitor is connected 
to ground via a capacitor GRxC . Here, the input and output unit 
Pll corresponds to a "transmission and reception signal input and 
output unit" according to various preferred embodiments of the 
present invention, the input and output unit P12 corresponds to a 
"transmission signal input unit" according to various preferred 
embodiments of the present invention, and the input and output 
unit P13 corresponds to a "reception signal output unit" 
according to various preferred embodiments of the present 
invention . 

[0035] The cathode of the diode DG2 is connected to the 
transmission line GSL2, and the anode is connected to a GSM 
transmission and reception switching control signal input 
terminal VcG via a resistive element Rg. The anode of the diode 
DG1 is connected to the input and output unit P12 and the 
transmission line GSL2, and the cathode is connected to ground 
via an inductor GSL1 . 

[0036] Here, the inductors GSL1 and GSL2 and the capacitor GC5 
are constituted of electrode patterns provided on the dielectric 
layers of the laminated body constituting the high frequency 
module. The capacitor GRxC and the capacitor connected to the 
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GSM reception signal output terminal Rxl is constituted of a 
capacitor mounted on the circuit substrate on which the high 
frequency module is mounted. 

[0037] Next, in the low pass filter LPF31, an input and output 
unit P31 is connected to the input and output unit P12 of the 
switch circuit SW1 and an input and output unit P32 is connected 
to the GSM transmission signal input terminal Txl via a capacitor. 
The low pass filter LPF31 includes a parallel circuit of a 
capacitor GCcl and an inductor GLtl connected between the input 
and output units P31 and P32 and a capacitor GCul connected 
between the input and output unit P31 side of the parallel 
circuit and the ground. Furthermore, the elements included in 
the low pass filter LPF31 preferably include electrode patterns 
provided on the dielectric layers of the laminated body 
constituting the high frequency module. 

[0038] Next, the GaAsIC switch GaAsSW includes five input and 
output units RF1 to RF5 for inputting and outputting transmission 
signals, a driving voltage signal input terminal Vdd, and control 
signal input terminals Vcl and Vc2 . The input and output 
terminal RF1 is connected to the input and output unit P22 of the 
diplexer DiPX2 via a low pass filter including a parallel circuit 
of an inductor DLtl and a capacitor Ctl. The input and output 
terminal RF2 is connected to an input and output unit P41 of a 
low pass filter LPF41. Here, the low pass filter including the 
inductor DLtl and the capacitor Ctl functions as a circuit for 
removing harmonic distortion entering from the diplexer DiPX2 



16 



side or harmonic distortion entering from the GaAsIC switch 
GaAsSW. 

[0039] The input and output terminals RF3 and RF4 are 
connected to the DCS reception signal output terminal Rx2 and the 
PCS reception signal output terminal Rx3, respectively, via 
capacitors. Moreover, the input and output terminal RF5 is 
connected the WCDMA transmission and reception signal input and 
output terminal Tx4/Rx4 via a capacitor. The GaAsIC switch 
GaAsSW, while the driving voltage Vdd is applied, switches the 
connection between the input and output terminal RF1 and one of 
the input and output terminals RF2 to RF5 in accordance with the 
combination of the on and off states of the two control signals 
Vcl and Vc2 . The GaAsIC switch GaAsSW is mounted on the upper 
surface of the laminated body constituting the high frequency 
module. Here, the GaAsIC switch GaAsSW corresponds to a "second 
switch circuit" according to various preferred embodiments of the 
present invention, the input and output unit RF1 corresponds to a 
"transmission and reception signal input and output unit" 
according to various preferred embodiments of the present 
invention, the input and output unit RF2 corresponds to a 
"transmission signal input unit" according to various preferred 
embodiments of the present invention, and RF3 and RF4 correspond 
to a "reception signal output unit" according to various 
preferred embodiments of the present invention. Furthermore, the 
input and output unit RF5, during transmission, corresponds to a 
"transmission signal input unit" according to various preferred 
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embodiments of the present invention and, during reception, 
corresponds to a "reception signal output unit" according to 
various preferred embodiments of the present invention. Moreover, 
the inductor DLtl corresponds to a "second inductive element" 
according to various preferred embodiments of the present 
invention, and the capacitor Ctl corresponds to a "third 
capacitive element" according to various preferred embodiments of 
the present invention. 

[0040] In the low pass filter LPF41, the input and output unit 
P41 is connected to the input and output terminal RF2 of the 
GaAsIC switch GaAsSW, and an input and output unit P42 is 
connected to the DCS/PCS transmission signal input terminal Tx23 
via a capacitor. The low pass filter LPF41 includes a parallel 
circuit of a capacitor DCc2 and an inductor DLt2 connected 
between the input and output units P41 and P42 and a capacitor 
DCul connected between the DCS/PCS transmission signal input 
terminal Tx23 side of the parallel circuit and the ground. 
Furthermore, the elements included in the low pass filter LPF41 
are constituted of electrode patterns provided on the dielectric 
layers of the laminated body constituting the high freguency 
module. Here, the inductor DLt2 corresponds to a "third 
inductive element" according to various preferred embodiments of 
the present invention, and the capacitor DCc2 and the capacitor 
DCul correspond to a "fourth capacitive element" according to 
various preferred embodiments of the present invention. 
[0041] Next, the operations of the high freguency module for 
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transmitting and receiving GSM/DCS/PCS/WCDMA communication 
signals will be described. 

(1) Transmitting and Receiving GSM Communication Signal 
[0042] To transmit a GSM transmission signal, a control signal 
of a positive voltage is input to the control signal input 
terminal VcG of the switch circuit SW1 . 

[0043] When a control signal of positive voltage is input to 
the control signal input terminal VcG, the diodes DG1 and DG2 are 
electrically connected, and the GSM transmission signal input to 
the transmission signal input terminal Txl is transmitted to the 
diplexer DiPX2 via the diode DG1 . Here, since the length of the 
transmission line GSL2 is about one fourth of the wavelength of 
the GSM transmission signal and the input and output unit P13 
side of the transmission line GSL2 is connected to ground via the 
diode DG2, the transmission line GSL2 functions as an isolation 
circuit having a predetermined isolation by rotating its phase 
with respect to the GSM transmission signal so that the reception 
signal output terminal Rxl side is open when viewed from the 
input and output unit Pll. As a result, the GSM transmission 
signal is transmitted to the antenna ANT via the low pass filter 
LPF21 of the diplexer DiPX2 but is substantially not transmitted 
to the GSM reception signal output terminal Rxl side. 
[0044] On the other hand, to transmit a GSM reception signal, 
a control signal having zero voltage or negative voltage is input 
to the control signal input terminal VcG. 
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[0045] When control signal having zero voltage or negative 
voltage is input to the control signal input terminal VcG, the 
diodes DG1 and DG2 enter an open state. When the diode DG2 
enters an open state, the transmission line GSL2 functions as a 
simple transmission line for the GSM reception signal. Therefore, 
the GSM reception signal is transmitted to the GSM reception 
signal output terminal Rxl . When the diode DG1 enters an open 
state, the GSM reception signal from the antenna ANT is blocked 
at the diode DG1 and is not transmitted to the GSM transmission 
signal input terminal Txl side. 

(2) Transmitting and Receiving DCS Communication Signal 
[0046] To transmit a DCS transmission signal, control signals 
for connecting the input and output terminal RF1 and the input 
and output terminal RF2 are input to the control signal input 
terminals Vcl and Vc2 of the GaAsIC switch GaAsSW. When control 
signals of such a combination (for example, both control signals 
are positive voltages) are input, the input and output terminals 
RF1 and RF2 of the GaAsIC switch GaAsSW are electrically 
connected. At this point, when a DCS transmission signal is 
input to the DCS/PCS transmission signal input terminal Tx23, the 
DCS transmission signal is input to the input and output terminal 
RF2 via the low pass filter LPF41, transmitted from the input and 
output terminal RF2 to the input and output terminal RF1, and 
sent from the input and output terminal RF1 to the diplexer DiPX2. 
This DCS transmission signal is transmitted from the antenna ANT 
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to the outside via the diplexer DiPX2. Here, at the GaAsIC 
switch GaAsSW, since the input and output terminals RF1 and RF2 
are connected and the other input and output terminals RF3 to RF5 
are not connected to the input and output terminals RF1 and RF2, 
the DCS transmission signal is not transmitted to the DCS 
reception signal output terminal Rx2, the PCS reception signal 
output terminal Rx3, and the WCDMA transmission and reception 
signal input and output terminal Tx4/Rx4. 

[0047] On the other hand, to transmit a DCS reception signal, 
control signals for connecting the input and output terminal RF1 
and the input and output terminal RF3 is input to the control 
signal input terminals Vcl and Vc2 of the GaAsIC switch GaAsSW. 
When control signals of such combination (for example, Vcl is a 
positive voltage control signal and Vc2 is a zero voltage or 
negative voltage control signal) are input, the input and output 
terminals RF1 and RF3 of the GaAsIC switch GaAsSW are 
electrically connected. In this state, the DCS reception signal 
sent from the diplexer DiPX2 to the input and output terminal RF1 
is transmitted to the input and output terminal RF3 and is output 
from the input and output terminal RF3 . Then, the DCS reception 
signal is transmitted to the DCS reception signal output terminal 
Rx2 via a capacitor and is sent from the DCS reception signal 
output terminal Rx2 to an external circuit. Here, at the GaAsIC 
switch GaAsSW, since the input and output terminal RF1 and the 
input and output terminal RF3 are connected and the input and 
output terminals RF1 and RF3 are not connected to the other input 
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and output terminals RF2, RF4, and RF5, the DCS reception signal 
is not transmitted to the DCS/PCS transmission signal input 
terminal Tx23, the PCS reception signal output terminal Rx3, and 
the WCDMA transmission and reception signal input and output 
terminal Tx4/Rx4. 

(3) Transmitting and Receiving PCS Communication Signal 
[0048] To transmit a PCS transmission signal, control signals 
for connecting the input and output terminal RF1 and the input 
and output terminal RF2 are input to the control signal input 
terminals Vcl and Vc2 of the GaAsIC switch GaAsSW. When control 
signals of such combination (for example, both Vcl and Vc2 are 
control signals having positive voltages) are input, the input 
and output terminals RF1 and RF2 of the GaAsIC switch GaAsSW are 
electrically connected. At this point, when a PCS transmission 
signal is input to the DCS/PCS transmission signal input terminal 
Tx23, the PCS transmission signal is input to the input and 
output terminal RF2 via the low pass filter LPF41, transmitted 
from the input and output terminal RF2 to the input and output 
terminal RF1, and sent from the input and output terminal RF1 to 
the diplexer DiPX2. This PCS transmission signal is transmitted 
from the antenna ANT to the outside via the diplexer DiPX2. Here, 
at the GaAsIC switch GaAsSW, since the input and output terminals 
RF1 and RF2 are connected and the other input and output 
terminals RF3 to RF5 are not connected to the input and output 
terminals RF1 and RF2, the PCS transmission signal is not 
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transmitted to the DCS reception signal output terminal Rx2, the 
PCS reception signal output terminal Rx3, and the WCDMA 
transmission and reception signal input and output terminal 
Tx4/Rx4 . 

[0049] On the other hand, to transmit a PCS reception signal, 
control signals for connecting the input and output terminal RF1 
and the input and output terminal RF4 are input to the control 
signal input terminals Vcl and Vc2 of the GaAsIC switch GaAsSW. 
When control signals of such combination (for example, Vcl is a 
zero voltage or negative voltage control signal and Vc2 is a 
positive voltage control signal) are input, the input and output 
terminals RF1 and RF4 of the GaAsIC switch GaAsSW are 
electrically connected. In this state, the PCS reception signal 
sent from the diplexer DiPX2 to the input and output terminal RF1 
is transmitted to the input and output terminal RF4 and is output 
from the input and output terminal RF4 . Then, the PCS reception 
signal is transmitted to the PCS reception signal output terminal 
Rx3 via a capacitor and is sent from the PCS reception signal 
output terminal Rx3 to an external circuit. Here, at the GaAsIC 
switch GaAsSW, since the input and output terminals RF1 and RF4 
are connected and the input and output terminals RF1 and RF4 are 
not connected to the other input and output terminals RF2, RF3, 
and RF5, the PCS reception signal is not transmitted to the 
DCS/PCS transmission signal input terminal Tx23, the DCS 
reception signal output terminal Rx2, and the WCDMA transmission 
and reception signal input and output terminal Tx4/Rx4. 
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(4) Transmitting and Receiving WCDMA Communication Signal 
[0050] To transmit a WCDMA communication signal, control 
signals for connecting the input and output terminal RF1 and the 
input and output terminal RF5 are input to the control signal 
input terminals Vcl and Vc2 of the GaAsIC switch GaAsSW. When 
control signals of such a combination (for example, both Vcl and 
Vc2 are control signals having zero voltage or negative voltage) 
are input, the input and output terminals RF1 and RF5 of the 
GaAsIC switch GaAsSW are electrically connected. At this point, 
the WCDMA transmission signal sent from the WCDMA transmission 
and reception signal input and output terminal Tx4/Rx4 to the 
input and output terminal RF5 is transmitted to the input and 
output terminal RF1 and is transmitted from the input and output 
terminal RF1 to the outside via the diplexer DiPX2 and the 
antenna ANT. On the other hand, the WCDMA reception signal sent 
from the diplexer DiPX2 to the input and output terminal RF1 is 
transmitted to the input and output terminal RF5, transmitted 
from the input and output terminal RF5 to the WCDMA transmission 
and reception signal input and output terminal Tx4/Rx4 via a 
capacitor, and is sent from the WCDMA transmission and reception 
signal input and output terminal Tx4/Rx4 to an external circuit. 
Here, at the GaAsIC switch GaAsSW, since the input and output 
terminals RF1 and RF5 are connected and the input and output 
terminals RF1 and RF5 are not connected to the other input and 
output terminals RF2 to RF4, the WCDMA transmission and reception 
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signals are not transmitted to the DCS/PCS transmission signal 
input terminal Tx23, the DCS reception signal output terminal Rx2, 
and the PCS reception signal output terminal Rx3 . 
[0051] According to such a configuration, a high frequency 
module capable of transmitting and receiving four types of 
communication signals, i.e., GSM/DCS/PCS/WCDMA communication 
signals, via one antenna is provided. 

[0052] Switching of transmission and reception of GSM 
communication signals whose working frequency band is a low 
frequency band is carried out by the switch circuit SW1, whereas 
switching of transmission and reception of the DCS/PCS/WCDMA 
communication signals whose working frequency band is a high 
frequency band is carried by the GaAsIC switch GaAsSW. In this 
way, the number of components can be significantly reduced 
compared to the number of components required when the high 
frequency module is entirely constructed of diode switch circuits. 
Thus, the size of the high frequency module can be reduced. 
Moreover, since all transmission and reception switching 
operations are not carried out only by the GaAsIC switch, the 
number of switching points of the GaAsIC switch can be reduced, 
and the GaAsIC switch can be produced at relatively low cost. 
Accordingly, the high frequency module according to various 
preferred embodiments of the present invention can be produced at 
lower cost than that of a high frequency module that carries out 
the transmission and reception switching operations of all 
communication signals by a single GaAsIC switch. 
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[0053] Next, the structure of the laminated body of the high 
frequency module will be described with reference to Figs. 2 and 
3. 

[0054] Figs. 2 and 3 illustrate plan views of the high 
frequency module according to the present preferred embodiment. 
[0055] A laminated substrate type high frequency module is 
constructed by stacking dielectric layers 1 to 22, shown in Figs. 
2 and 3, from the bottom to top in order. Figs. 2 and 3 
illustrate the dielectric layers 1 to 22 viewed from the lower 
surface (i.e., the surface facing the mounting substrate). The 
dielectric layer 23 includes electrodes and components on the 
back surface (upper surface) of the dielectric layer 22, i.e., 
the component-mounting surface. The reference numerals in Figs. 
2 and 3 correspond to the reference numerals indicating the 
elements in Fig. 1. 

[0056] On the lowermost dielectric layer 1, various external 
terminal electrodes to be mounted on the mounting substrate are 
provided. More specifically, the dielectric layer 1 includes the 
GSM transmission signal input terminal Txl, the GSM reception 
signal output terminal Rxl, the DCS/PCS transmission signal input 
terminal Tx23, the DCS reception signal output terminal Rx2, the 
PCS reception signal output terminal Rx3, the WCDMA transmission 
and reception signal input and output terminal Tx4/Rx4, the 
control signal input terminals VcG, Vcl, and Vc2, the driving 
voltage input terminal Vdd, a ground terminal GND, and an antenna 
connection terminal ANT (corresponding to the input and output 
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unit P23 of the diplexer DiPX2) . 

[0057] On the dielectric layer 2, a common ground electrode 
GND is provided. This common ground electrode GND also functions 
as one of the opposing electrodes Culb of the capacitor Cul, one 
of the opposing electrodes GCulb of the capacitor GCul, and one 
of the opposing electrodes GC5b of the capacitor GC5 . 
[0058] On the dielectric layer 3, the other opposing electrode 
Cula of the capacitor Cul, the other opposing electrode GCula of 
the capacitor GCul, and the other opposing electrode GC5a of the 
capacitor GC5 are provided. 

[0059] On the dielectric layer 4, a common ground electrode 
GND is provided. This common ground electrode GND also functions 
as one of the opposing electrodes Culb of the capacitor Cul, one 
of the opposing electrodes GCulb of the capacitor GCul, one of 
the opposing electrodes GC5b of the capacitor GC5, one of the 
opposing electrodes Ct2b of the capacitor Ct2, and one of the 
opposing electrodes DCulb of the capacitor DCul . 

[0060] On the dielectric layer 5, the other opposing electrode 
GC5a of the capacitor GC5, the other opposing electrode Ct2a of 
the capacitor Ct2 are provided, and, also, a pattern electrode 
connecting the opposing electrode of the capacitor Ccl provided 
on the dielectric layer 18 and the antenna connection terminal 
ANT is provided. 

[0061] On the dielectric layer 6, a common ground electrode 
GND and the other opposing electrode of the capacitor DCul are 
provided. The common ground electrode GND also functions as one 
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of the opposing electrodes GC5b of the capacitor GC5 and one of 
the electrodes Ct2b of the capacitor Ct2 . 

[0062] On the dielectric layers 7 and 8, only through-holes 
are provided. 

[0063] On the dielectric layer 9, the transmission line GSL2 
and the inductors Lt2 and DLt2 are provided. 

[0064] On the dielectric layer 10, the transmission line GSL2 
and the inductors Ltl, Lt2, DLtl, DLt2, and GLtl are provided. 
Also on the dielectric layer 11, the transmission line GSL2 and 
the inductors Ltl, Lt2, DLtl, DLt2, and GLtl are provided, each 
of which are electrically connected by through holes. It is 
desirable to provide the inductor DLtl and the inductor DLt2 in 
different areas when viewed from the top, i.e., when viewed in 
the stacking direction of the laminated body defined by stacking 
dielectric layers. If these inductors are disposed close to each 
other, unwanted signals are wrapped around, and transmission and 
reception of a predetermined signal becomes difficult. In other 
words, by locating the inductor DLtl and the inductor DLt2 in 
different areas when viewed from the top, isolation between the 
inductors are maintained, and wraparound due to signals passing 
over the GaAsIC switch GaAsSW can be prevented. 

[0065] On the dielectric layer 12, the transmission line GSL2 
and the inductors Ltl, Lt2, DLtl, and GLtl are provided, each of 
which are electrically connected to pattern electrodes of 
corresponding elements provided on the dielectric layer 11 by 
through holes. 
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[0066] On the dielectric layers 13 and 14, only through-holes 
are provided. 

[0067] On the dielectric layer 15, one of the opposing 
electrodes Ctla of the capacitor Ctl and one of the opposing 
electrodes DCc2b of the capacitor DCc2 are provided. 
[0068] On the dielectric layer 16, an intermediate ground 
electrode GND is provided and, also, the other opposing electrode 
Ctlb of the capacitor Ctl, the other opposing electrode DCc2a of 
the capacitor DCc2, and one of the opposing electrodes DCcla of 
the capacitor DCcl are provided. Here, the other opposing 
electrode Ctlb of the capacitor Ctl also functions as one of the 
opposing electrodes Ccla of the capacitor Cel. 
[0069] On the dielectric layer 17, the other opposing 
electrode Cclb of the capacitor Ccl and one of the opposing 
electrodes GCcla of the capacitor GCcl are provided. On the 
dielectric layer 18, one of the opposing electrodes Ccla of the 
capacitor Ccl, the other opposing electrode DCclb of the 
capacitor DCcl, and the other opposing electrode GCclb of the 
capacitor GCcl are provided. 

[0070] On the dielectric layers 19 and 20, only through-holes 
are provided. On the dielectric layers 21 and 22, electrode 
patterns for electrically connecting the electrode patterns 
provided on the lower layer sides of the dielectric layers 1 to 
18 and the front surface of the dielectric layer 23, which is the 
uppermost layer, in accordance with the pattern shown in Fig. 1. 
[0071] On the back side of the dielectric layer 22 of the 
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uppermost layer, i.e., the upper surface 23 of the laminated body, 
mounting electrodes for the diodes DG1 and DG2, a mounting 
electrode for the resistive element Rg, mounting electrodes for 
the inductors GSL1 and Lant, a mounting electrode for the 
capacitor Cant, and a mounting electrode for the GaAsIC switch 
GaAsSW are provided. On the mounting electrodes, the diodes DG1 
and DG2, the resistive element Rg, the inductors GSL1 and Lant, 
the capacitor Cant, and the GaAsIC switch GaAsSW are mounted. 
[0072] With such a unique structure, one of the electrodes of 
the capacitor Ct2 of the high pass filter HPF22 of the diplexer 
DiPX2 can be provided using the ground electrode at a lower layer 
close to the bottom surface of the laminated body. By forming 
the capacitor Ct2 in this way, the capacitor Ct2 will have a 
static electricity discharge function. Consequently, even when 
static electricity is applied from the antenna ANT side, the 
static electricity is discharged at the capacitor Ct2 and is not 
applied to the GaAsIC switch GaAsSW. Therefore, the GaAsIC 
switch GaAsSW can be prevented from being damaged by static 
electricity. Since the capacitor Ct2 is a preferably capacitor 
originally provided with the diplexer DiPX2, by using the 
structure of the laminated body according to this preferred 
embodiment, the GaAsIC switch can be used without providing an 
additional static electricity discharge circuit. In other words, 
the above-described high frequency module including the diode 
switch circuit and the GaAsIC switch can be prevented from being 
damaged by static electricity without providing an additional 
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circuit . 

[0073] Next, a high frequency module according to a second 
preferred embodiment of the present invention will be described 
with reference to Figs. 4 to 6. 

[0074] Fig. 4 illustrates an equivalent circuit diagram of the 
high frequency module according to the present preferred 
embodiment. In the case described below, a GSM850 transmission 
signal or a GSM900 transmission signal is input to a transmission 
signal input terminal Txl2, a GSM850 reception signal is output 
from a reception signal output terminal Rxl, a GSM900 reception 
signal is output from a reception signal output terminal Rx2, a 
DCS transmission signal or a PCS transmission signal is input to 
a transmission signal input terminal Tx34, a DCS reception signal 
is output from a reception signal output terminal Rx3, and a PCS 
reception signal is output from a reception signal output 
terminal Rx4 . Here, the structures of a diplexer DiPX2 and low 
pass filters LPF31 and LPF41 are preferably substantially the 
same as those according to the first preferred embodiment of the 
present invention. Therefore, descriptions thereof are not 
repeated. 

[0075] A switch circuit SW11 preferably includes an input and 
output unit Pll connected to the diplexer DiPX2, an input and 
output unit P12 connected to the GSM850/900 transmission signal 
input terminal Txl2 via the low pass filter LPF31, an input and 
output unit P13 connected to the GSM850 reception signal output 
terminal Rxl, and an input and output unit P14 connected to the 
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GSM900 reception signal output terminal Rx2 . The switch circuit 
SW11 corresponds to a "first switch circuit" according to various 
preferred embodiments of the present invention. The input and 
output units Pll and P12 correspond to a "transmission and 
reception signal input and output unit" and a "transmission 
signal input unit, " respectively, according to various preferred 
embodiments of the present invention. The input and output units 
P13 and P14 correspond to a "reception signal output unit" 
according to various preferred embodiments of the present 
invention . 

[0076] The input and output unit Pll is connected to the input 
and output unit P12 via a diode DG1, connected to the input and 
output unit P13 via a diode DG2, and connected to the input and 
output unit P14 via a transmission line GSL2 having a length of 
about one fourth of the wavelength of the GSM850/900 transmission 
signal . 

[0077] The end of the input and output unit P14 side of the 
transmission line GSL2 is connected to ground via a diode DG3 and 
a capacitor GC5 . 

[0078] A capacitor is connected between the input and output 
unit P13 and the GSM850 reception signal output terminal Rxl . 
The input and output unit P13 side of the capacitor is connected 
to ground via a capacitor GC2 . A capacitor is connected between 
the input and output unit P14 and the GSM900 reception signal 
output terminal Rx2 . The input and output unit P14 side of the 
capacitor is connected to ground via a capacitor GC4 . 



32 



[0079] The cathode of the diode DG1 is connected to the input 
and output unit Pll, whereas the anode is connected to the input 
and output unit P12 and a GSM transmission and reception 
switching control signal input terminal VcGl via an inductor GSL1 . 
The cathode of the diode DG2 is connected to the input and output 
unit Pll, whereas the anode is connected to the input and output 
unit P13 and a GSM transmission and reception switching control 
signal input terminal VcG2 via an inductor GSL3 . The anode of 
the diode DG3 is connected to the input and output unit P14 and 
the transmission line GSL2, whereas the cathode is connected to 
ground via the resistive element Rg. Here, the GSM transmission 
and reception switching control signal input terminals VcGl and 
VcG2 are connected to ground via capacitors GC1 and GC3, 
respectively. 

[0080] Here, the inductors GSL1, GSL2, and GSL3 and the 
capacitors GC1, GC2, GC3, GC4, and GC5 are constituted of 
electrode patterns formed on the dielectric layers of the 
laminated body constituting the high frequency module. The 
capacitors connected to the GSM850 reception signal input and 
output terminal Rxl and the GSM900 reception signal input and 
output terminal Rx2 are constituted of capacitors mounted on the 
circuit substrate on which the high frequency module is mounted. 
[0081] Next, at a GaAsIC switch GaAsSW, four input and output 
terminals RF1 to RF4 for inputting and outputting transmission 
signals, a driving voltage signal input terminal Vdd, and control 
signal input terminals Vcl and Vc2 are provided. The input and 
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output terminal RF1 is connected to an input and output terminal 
P22 of the diplexer DiPX2 via a parallel circuit of an inductor 
DLtl and a capacitor DCcl . The input and output terminal RF2 is 
connected to an input and output unit P41 of the low pass filter 
LPF41. The input and output terminals RF3 and RF4 are connected 
to the DCS reception signal output terminal Rx3 and the PCS 
reception signal output terminal Rx4, respectively, via 
capacitors. The GaAsIC switch GaAsSW, while the driving voltage 
Vdd is applied, switches the connection between the input and 
output terminal RF1 and one of the input and output terminals RF2 
to RF5 in accordance with the combination of the on and off 
states of the two control signals Vcl and Vc2 . The GaAsIC switch 
GaAsSW is mounted on the upper surface of the laminated body 
constituting the high frequency module. Here, the GaAsIC switch 
GaAsSW corresponds to a "second switch circuit" according to 
various preferred embodiments of the present invention. The 
input and output terminals RF1 and RF2 correspond to a 
"transmission and reception signal input and output unit" and a 
"transmission signal input unit, " respectively, according to 
various preferred embodiments of the present invention. The 
input and output terminals RF3 and RF4 correspond to a "reception 
signal output unit" according to various preferred embodiments of 
the present invention. 

[0082] Next, the operations of the high frequency module for 
transmitting and receiving GSM850 / GAM90 0 /DCS / PCS communication 
signals will be described. 
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(1) Transmitting and Receiving GSM850 Communication Signal 
[0083] To transmit a GSM850 transmission signal, a control 
signal of positive voltage is input to the control signal input 
terminal VcGl of the switch circuit SW11, and a control signal of 
zero voltage or negative voltage is input to the control signal 
input terminal VcG2 . 

[0084] When a control signal of positive voltage is sent from 
the control signal input terminal VcGl, the diodes DG1 and DG3 
are electrically connected, and the GSM850 transmission signal 
input to the GSM850/900 transmission signal input terminal Txl2 
is transmitted to the diplexer DiPX2 via the diode DG1 . Here, 
since the length of the transmission line GSL2 is about one 
fourth of the wavelength of the GSM transmission signal and the 
input and output unit P14 side of the transmission line GSL2 is 
connected to ground via the diode DG3, the transmission line GSL2 
functions as an isolation circuit having a predetermined 
isolation by rotating its phase with respect to the GSM 
transmission signal so that the GSM900 reception signal output 
terminal Rx2 side is open when viewed from the cathode of the 
diode DG1 (input and output unit Pll) . When a zero voltage or a 
negative voltage is input to the control signal input terminal 
VcG2, the diode DG2 enters an open state. Therefore, the diode 
DG1 to the GSM850 reception signal output terminal side becomes 
open. Consequently, the GSM850 transmission signal is 
substantially not transmitted to the GSM850 reception signal 
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output terminal Rxl and the GSM900 reception signal output 
terminal Rx2 side. 

[0085] On the other hand, to transmit a GSM850 reception 
signal, a control signal of zero voltage or negative voltage is 
input to the control signal input terminal VcGl and a control 
signal of positive voltage is input to the control signal input 
terminal VcG2 . 

[0086] When a positive voltage is input to the control signal 
input terminal VcG2, the diodes DG2 and DG3 are electrically 
connected, and the GSM850 reception signal sent from the diplexer 
DiPX2 is transmitted to the GSM850 reception signal output 
terminal Rxl via the diode DG2 . Here, since the length of the 
transmission line GSL2 is about one fourth of the wavelength of 
the GSM transmission signal and the input and output unit P14 
side of the transmission line GSL2 is connected to ground via the 
diode DG3, the transmission line GSL2 functions as an isolation 
circuit having a predetermined isolation by rotating its phase 
with respect to the GSM850 reception signal so that the GSM900 
reception signal output terminal Rx2 side is open when viewed 
from the input and output unit Pll. When a control signal of 
zero voltage or negative voltage is input to the control signal 
input terminal VcGl, the diode DG1 enters an open state. 
Therefore, the diode DG1 to the GSM850/900 transmission signal 
output terminal Txl2 side becomes open to GSM850 reception 
signals. Consequently, the GSM850 reception signal input to the 
diplexer DiPX2 is transmitted only to the GSM850 reception signal 
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output terminal Rxl . 

(2) Transmitting and Receiving GSM900 Communication Signal 
[0087] Since a GSM900 transmission signal is input to the 
GSM850/900 transmission signal input terminal Txl2 as the GSM850 
transmission signal to which the GSM850 transmission signal is 
input, the same control as that for transmitting a GSM850 signal 
is used. 

[0088] On the other hand, to transmit a GSM900 reception 
signal, control signals of zero voltage or negative voltage are 
input to both the control signal input terminals VcGl and VcG2 . 
[0089] When zero voltages or negative voltages are input to 
the control signal input terminals VcGl and VcG2, the diodes DG1, 
DG2, and DG3 enter an open state, and the transmission line GSL2 
functions as a simple transmission line for the GSM900 reception 
signal. Therefore, the GSM900 reception signal sent from the 
diplexer DiPX2 to the switch circuit SW11 is transmitted to the 
GSM900 reception signal output terminal Rx2 via the transmission 
line GSL2 and is sent from the GSM900 reception signal output 
terminal Rx2 to an external circuit. Since the diodes DG1 and 
DG2 are in an open state, the GSM900 reception signal sent from 
the diplexer DiPX2 to the switch circuit SW11 is not transmitted 
to the GSM850/900 transmission signal input terminal Txl2 and 
GSM850 reception signal output terminal Rxl. In this way, the 
GSM900 reception signal sent from the diplexer DiPX2 is 
transmitted only to the GSM900 reception signal output terminal 
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Rx2 . 



(3) Transmitting and Receiving DCS Communication Signal 
[0090] To transmit a DCS transmission signal, control signals 
for connecting the input and output terminal RF1 and the input 
and output terminal RF2 are input to the control signal input 
terminals Vcl and Vc2 of the GaAsIC switch GaAsSW. When control 
signals of such combination (for example, both control signals 
are positive voltages) are input, the input and output terminals 
RF1 and RF2 of the GaAsIC switch GaAsSW are electrically 
connected. At this point, when a DCS transmission signal is 
input to the DCS/PCS transmission signal input terminal Tx34, the 
DCS transmission signal is input to the input and output terminal 
RF2 via the low pass filter LPF41, transmitted from the input and 
output terminal RF2 to the input and output terminal RF1, and 
sent from the input and output terminal RF1 to the diplexer DiPX2. 
The DCS transmission signal is transmitted from the antenna ANT 
to the outside via the diplexer DiPX2 . Here, at the GaAsIC 
switch GaAsSW, since the input and output terminals RF1 and RF2 
are connected and the other input and output terminals RF3 and 
RF4 are not connected to the input and output terminals RF1 and 
RF2, the DCS transmission signal is not transmitted to the DCS 
reception signal output terminal Rx3 and the PCS reception signal 
output terminal Rx4 . 

[0091] On the other hand, to transmit a DCS reception signal, 
control signals for connecting the input and output terminal RF1 
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and the input and output terminal RF3 are input to the control 
signal input terminals Vol and Vc2 of the GaAsIC switch GaAsSW. 
When control signals of such combination (for example, Vcl is a 
positive voltage control signal and Vc2 is a zero voltage or 
negative voltage control signal) are input, the input and output 
terminals RF1 and RF3 of the GaAsIC switch GaAsSW are 
electrically connected. In this state, the DCS reception signal 
sent from the diplexer DiPX2 to the input and output terminal RF1 
is transmitted to the input and output terminal RF3 . Then, the 
DCS reception signal is output from the input and output terminal 
RF3, transmitted to the DCS reception signal output terminal Rx3 
via a capacitor, and sent from the DCS reception signal output 
terminal Rx3 to an external circuit. Here, at the GaAsIC switch 
GaAsSW, since the input and output terminals RF1 and RF3 are 
connected and the input and output terminals RF1 and RF3 are not 
connected to the other input and output terminals RF2 and RF4, 
the DCS reception signal is not transmitted to the DCS/PCS 
transmission signal input terminal Tx34 and the PCS reception 
signal output terminal Rx4 . 

(4) Transmitting and Receiving PCS Communication Signal 
[0092] To transmit a DCS transmission signal, control signals 
for connecting the input and output terminal RF1 and the input 
and output terminal RF2 are input to the control signal input 
terminals Vcl and Vc2 of the GaAsIC switch GaAsSW. When control 
signals of such combination (for example, both control signals 
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are positive voltages) are input, the input and output terminals 
RF1 and RF2 of the GaAsIC switch GaAsSW are electrically 
connected. At this point, when a PCS transmission signal is 
input to the DCS/PCS transmission signal input terminal Tx34, the 
PCS transmission signal is input to the input and output terminal 
RF2 via the low pass filter LPF41, transmitted from the input and 
output terminal RF2 to the input and output terminal RF1, and 
sent from the input and output terminal RF1 to the diplexer DiPX2. 
The PCS transmission signal is transmitted from the antenna ANT 
to an external circuit via the diplexer DiPX2. Here, at the 
GaAsIC switch GaAsSW, since the input and output terminals RF1 
and RF2 are connected and the other input and output terminals 
RF3 and RF4 are not connected to the input and output terminals 
RF1 and RF2, the PCS transmission signal is not transmitted to 
the DCS reception signal output terminal Rx3 and the PCS 
reception signal output terminal Rx4 . 

[0093] On the other hand, to transmit a PCS reception signal, 
control signals for connecting the input and output terminal RF1 
and the input and output terminal RF4 are input to the control 
signal input terminals Vcl and Vc2 of the GaAsIC switch GaAsSW. 
When control signals of such a combination (for example, Vcl is a 
zero voltage or negative voltage control signal and Vc2 is a 
positive voltage control signal) are input, the input and output 
terminals RF1 and RF4 of the GaAsIC switch GaAsSW are 
electrically connected. In this state, the PCS reception signal 
sent from the diplexer DiPX2 to the input and output terminal RF1 
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is transmitted to the input and output terminal RF4 . Then, the 
PCS reception signal is output from the input and output terminal 
RF4, transmitted to the PCS reception signal output terminal Rx4 
via a capacitor, and sent from the PCS reception signal output 
terminal Rx4 to an external circuit. Here, at the GaAsIC switch 
GaAsSW, since the input and output terminals RF1 and RF4 are 
connected, and the input and output terminals RF1 and RF4 are not 
connected to the other input and output terminals RF2 and RF3, 
the PCS reception signal is not transmitted to the DCS/PCS 
transmission signal input terminal Tx34 and the DCS reception 
signal output terminal Rx3 . 

[0094] In this way, even when a plurality of communication 
systems exist on the lower area of a predetermined frequency and 
when a plurality of communication systems exist in the higher 
area, if the lower area side is constituted of a diode switch 
circuit and the higher area side is constituted of GaAsIC switch, 
a frequency module having a smaller size and lower loss compared 
to those of a high frequency module entirely constituted of diode 
switch circuits can be provided. Furthermore, the high frequency 
module can be provided at lower cost than that of a high 
frequency module configured so that switching of all 
communication signals is carried out with a GaAs switch. 
[0095] Next, the structure of the laminated body of the high 
frequency module will be described with reference to Figs. 5 and 
6. 

[0096] Figs. 5 and 6 illustrate plan views of a high frequency 
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module according to another preferred embodiment of the present 
invention . 

[0097] A laminated substrate type high frequency module is 
constructed by stacking dielectric layers 1 to 20, shown in Figs. 
5 and 6, from the bottom to top in order. Figs. 5 and 6 
illustrate the dielectric layers 1 to 20 viewed from the lower 
surface (i.e., the surface facing the mounting substrate). The 
dielectric layer 21 includes electrodes and components on the 
back surface (upper surface) of the dielectric layer 20, i.e., 
the component-mounting surface. The reference numerals in Figs. 
5 and 6 correspond to the reference numerals indicating the 
elements in Fig. 4. 

[0098] On the lowermost dielectric layer 1, various external 
terminal electrodes to be mounted on the mounting substrate are 
provided. More specifically, the dielectric layer 1 includes the 
GSM850/900 transmission signal input terminal Txl2, the GSM850 
reception signal output terminal Rxl, the GSM900 reception signal 
output terminal Rx2, the DCS/PCS transmission signal input 
terminal Tx34, the DCS reception signal output terminal Rx3, the 
PCS reception signal output terminal Rx4, the control signal 
input terminals VcGl, VcG2, Vcl, and Vc2, the driving voltage 
input terminal Vdd, a ground terminal GND, and an antenna 
connection terminal ANT (corresponding to the input and output 
unit P23 of the diplexer DiPX2) . 

[0099] On the dielectric layer 2, a common ground terminal GND 
is provided. The common ground terminal GND also functions as 



42 



one of the opposing electrodes GClb of the capacitor GC1, one of 
the opposing electrodes GC3b of the capacitor GC3, one of the 
opposing electrodes GC5b of the capacitor GC5, and one of the 
opposing electrodes GCulb of the capacitor GCul . 

[0100] On the dielectric layer 3, the other opposing electrode 
GCla of the capacitor GC1, the other opposing electrode GC3a of 
the capacitor GC3, the other opposing electrode GC5a of the 
capacitor GC5, and the other opposing electrode GCula of the 
capacitor GCul are provided. 

[0101] On the dielectric layer 4, a common ground terminal GND 
is provided. The common ground terminal GND also functions as 
one of the opposing electrodes GClb of the capacitor GC1, one of 
the opposing electrodes GC3b of the capacitor GC3, one of the 
opposing electrodes GC5b of the capacitor GC5, one of the 
opposing electrodes GCulb of the capacitor GCul, one of the 
opposing electrodes GC2b of the capacitor GC2, one of the 
opposing electrodes Culb of the capacitor Cul, and one of the 
opposing electrodes Ct2b of the capacitor Ct2 . 

[0102] On the dielectric layer 5, the other opposing electrode 
GC5a of the capacitor GC5, the other opposing electrode GC2a of 
the capacitor GC2, the other opposing electrode Cula of the 
capacitor Cul, and the other opposing electrode Ct2a of the 
capacitor Ct2 are provided. 

[0103] On the dielectric layer 6, a common ground terminal GND 
is provided. The common ground terminal GND also functions as 
one of the opposing electrodes GC5b of the capacitor GC5, one of 
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the opposing electrodes GC2b of the capacitor GC2, one of the 
opposing electrodes Culb of the capacitor Cul, one of the 
opposing electrodes Ct2b of the capacitor Ct2, one of the 
opposing electrodes GC4b of the capacitor GC4, one of the 
opposing electrodes GCu2b of the capacitor GCu2, and one of the 
opposing electrodes DCulb of the capacitor DCul . 

[0104] On the dielectric layer 7, the other opposing electrode 
GC4a of the capacitor GC4, the other opposing electrode GCu2a of 
the capacitor GCu2, and the other opposing electrode DCula of the 
capacitor DCul are provided. 

[0105] On the dielectric layer 8, only through-holes are 
provided. 

[0106] On the dielectric layer 9, the transmission line GSL2 
and the inductors Ltl, Lt2, DLtl, and GLtl are provided. 
[0107] From the dielectric layer 10 to the dielectric layer 12, 
the transmission line GSL2 and the inductors Ltl, Lt2, DLtl, DLt2, 
and GLtl are provided. 

[0108] On the dielectric layer 13, the inductor Lt2 is 
provided. 

[0109] On the dielectric layer 14, only through-holes are 
provided . 

[0110] On the dielectric layer 15, one of the opposing 
electrodes Ctla of the capacitor Ctl and one of the opposing 
electrodes Cclb of the capacitor Ccl are provided. 
[0111] On the dielectric layer 16, an intermediate ground 
electrode GND that is one of the opposing electrodes GC5b of the 
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capacitor GC5, the other opposing electrode Ctlb of the capacitor 
Ctl, the other opposing electrode Ccla of the capacitor Ccl, one 
of the opposing electrodes GCala of the capacitor GCal, and one 
of the opposing electrodes DCc2b of the capacitor DCc2 are 
provided. 

[0112] On the dielectric layer 17, one of the opposing 
electrodes Cclb of the capacitor Ccl, one of the opposing 
electrodes Ctla of the capacitor Ctl, the other opposing 
electrode GC5a of the capacitor GC5, the other opposing electrode 
GCclb of the capacitor GCcl, the other opposing electrode DCc2a 
of the capacitor DCc2, and one of the opposing electrodes DCcla 
of the capacitor DCcl are provided. 

[0113] On the dielectric layer 18, an intermediate ground 
electrode GND that is one of the opposing electrodes GC5b of the 
capacitor GC5, the other opposing electrode Ccla of the capacitor 
Ccl, and the other opposing electrode DCclb of the capacitor DCcl 
are provided. 

[0114] On the dielectric layers 19 and 20, electrode patterns 
for electrically connecting the pattern electrodes provided on 
the lower layer side of the dielectric layers 1 to 18 and the 
electrode provided on the front surface of the dielectric layer 
21, which is the uppermost layer, in accordance with the pattern 
shown in Fig. 1. 

[0115] On the back side of the dielectric layer 20 of the 
uppermost layer, i.e., the upper surface 21 of the laminated body, 
mounting electrodes for the diodes DG1, DG2, and DG3, a mounting 
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electrode for the resistive element Rg, mounting electrodes for 
the inductors GSL1 and GSL3, and a mounting electrode for the 
GaAsIC switch GaAsSW are provided. On the mounting electrodes, 
the diodes DG1, DG2, and DG3, the resistive element Rg, the 
inductors GSL1 and GSL3, and the GaAsIC switch GaAsSW are mounted. 
[0116] With such a unique structure, one of the electrodes of 
the capacitor Ct2 of the high pass filter HPF22 of the diplexer 
DiPX2 can be provided by the ground electrode at a lower layer 
close to the bottom surface of the laminated body. By providing 
the capacitor Ct2 in this way, the capacitor will have a static 
electricity discharge function. Consequently, even when static 
electricity is applied from the antenna ANT side, the static 
electricity is discharged at the capacitor Ct2 and is not applied 
to the GaAsIC switch GaAsSW. Therefore, the GaAsIC switch GaAsSW 
can be prevented from being damaged by static electricity. Since 
the capacitor Ct2 is a capacitor originally provided with the 
diplexer DiPX2, by using the structure of the laminated body 
according to this preferred embodiment, the GaAsIC switch can be 
used without providing an additional static electricity discharge 
circuit. In other words, the above-described high frequency 
module including the diode switch circuit and the GaAsIC switch 
can be prevented from being damaged by static electricity without 
providing an additional circuit. 

[0117] While preferred embodiments of the present invention 
have been described above, it is to be understood that variations 
and modifications will be apparent to those skilled in the art 
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without departing the scope and spirit of the present invention. 
The scope of the present invention, therefore, is to be 
determined solely by the following claims. 
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